Managing mixed fisheries requires understanding fishers' behaviour to allow predicting future fisheries distribution and impact on marine ecosystems. A new approach was developed to compare fine scale fishing effort distribution of Eastern English Channel (EEC) bottom trawlers, to the monthly-and spatially-resolved abundance distributions of commercial species. First, the added-value of using species-specific spatial overlap metric to quantify effective fishing effort and improve the relationship between fishing effort and fishing mortality was assessed. Second, based on the Ideal Free Distribution (IFD) theory, the species-specific weights given by fishers to different species were estimated by maximizing the overlap between target species assemblage and effort distributions in October. At a seasonal scale our results emphasized the importance of cuttlefish and red mullet for the global distribution of EEC bottom trawlers. In October, cuttlefish and red mullet were clearly more determining fishers' location choice than historically harvested species, and also than the overall expected revenue. This is likely due to external constraints such as low cod quota, causing IFD assumptions violated. This study evidenced the importance of getting good insights into spatio-temporal distributions of stocks and fleets to understand fishers' behaviour and improve mixed fisheries management advice
Introduction

32
The implementation of Ecosystem-Based Fisheries Management (EBFM) entails new methods 
111
The current study focuses on French exclusive (i.e. using the same gear throughout the year) 112 bottom otter trawlers (OTB), of length above 18m and using a mesh size above 80mm. This fleet 113 category is an archetype of mixed fisheries and is studied here for three reasons. First, this fleet 114 category gets the bulk of yearly French bottom otter trawlers catches for the main demersal 115 species in the EEC (Table S1 ). Second, as non-exclusive OTB are usually smaller than exclusive with a maximum of three explanatory variables:
160
The final predicted abundance values IA i,y from survey data are obtained by the product of 161 presence probabilities ‫‬ ,௬ வ and CPUE for positive values ‫ܣܫ‬ ,௬ வ .
162
In the delta-GLM applied to commercial CPUEs, every parameters were kept, except the 163 sediment parameter in the presence/absence model of cuttlefish (Table S2 ). In the delta-GLM 164 applied to survey CPUEs, the parameters selection was case-dependent (Table S3) .
165
Access to all fishing effort information was provided by the attributes, e.g., vessel length (physical capacity).
190
Physical capacity Pc is assumed to correspond to the ω g l term for OTB gear in the delta-GLM month as the number of days targeting a given species, as extracted from activity calendars).
213
We computed the residual sum of squares (RSSQ) between the monthly resolved time series of,
214
(1) nominal fishing effort (fn) and landings, (2) effective fishing effort (fe) and landings, (3)
215
nominal fishing effort and fishers' intention and, (4) effective fishing effort and fishers' targeted by otter trawlers. This improvement would also result in the RSSQ derived from (2)
220
(respectively (4)) being lower than the RSSQ derived from (1) (respectively (3)). bounded between 0 and 1 using the transformation:
Where α is the unconstrained coefficient to be optimized, using the 'optim' function of the R objective function to be maximized with respect to α may then be formulated as:
If fishers' foraging pattern was in consistency with IFD predictions, one could assume that 244 fishing effort distribution would match EEC wealth distribution. The amount of available revenue W generated by each area i in year y may be computed by:
247 knowing the abundance of species k in the area obtained from CGFS data and the mean price of 248 the species in October in year y (Table S4 ). We consider here that differences in the catchability 249 between the main species caught during the survey and the commercial trawls would be in the 250 same order of magnitude, so equation 10 may be used to infer and compare the fishers' revenues 251 operating in an area relative to the other.
252
The LIC values obtained from maximizing (9) are then compared to the LIC obtained from the The seasonal variation of effective fishing effort is shown for each species separately in Figure   259 2. Fishing pressures (estimated from effective fishing efforts, fe) exerted on cuttlefish and but not for others (mackerel, seabass, whiting).
265
Fishers' intention from activity calendars were strongly related to the landings, except for cod, and 29%. Finally, whiting never appears to be targeted.
287
The maximized (β-weighted) LIC value was compared with the revenue-based LIC value, i.e.,
288
reflecting the overlap between fishers' distribution and the potential revenue W (Table 2) . Every However, it may be noted that during 2012 the targeted species were dominated by cuttlefish
306
(see Figure 5 ). October as it required a good spatial coverage of both fishing effort and species distributions. Figure S1 ).
380
It is noteworthy that mackerel has a significant target factor value every year in October. This other species we considered.
388
The optimized spatial overlap between the distributions of fishing effort and the combined- 
397
In our study, and without excluding other possible causes, we interpret here the deviation 398 between observed and predicted effort patterns as IFD assumption (iii) (unrestricted access to 399 the different EEC fishing grounds) being at fault and this for several reasons. First, while the 400 large trawlers investigated here have the capacity to cover all the EEC, they might limit their 401 visits to the closest fishing grounds to save fuel and time at sea costs. Second, weather and For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. 
